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Sublethal effects of pyridalyl on the development and
reproduction of Plutella xylostella
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Abstract [Aim] To investigate the sublethal effects of pyridalyl on Plutella xylostella and thereby provide useful
information for the control of this pest and the rational application of pyridalyl. [Methods] The toxicity of this insecticide to
3rd instar P. xylostella larvae was determined using the leaf dipping method. Larvae were treated with two sublethal
concentrations, LCy( (1.56 mg/L) and LCys (4.37 mg/L), and the effects of these treatments on their growth, development, and
other population parameters, were analyzed using life tables for each sex. [Results] Sublethal concentrations of pyridalyl
significantly reduced larval survival, pupation, and emergence, rates, and also reduced pupal weight (P < 0.05) in a dose
dependent fashion. The cumulative pre-pupal mortality rate reached 68.50% in the LCys treatment group. The duration of the
period from the 3rd instar to pupation, the pupal stage, and the pre-adult period, were significantly prolonged (P < 0.05). The
duration of the period from the 3rd instar to pupation, and the pre-adult period, of the LC,s treatment group were 68.6% and
47.5%, respectively, longer than those of the control group. The lifespan of male and female adults in the LCys treatment group
were significantly shorter, and a lower the proportion of females entered eclosion, compared to the control group (P < 0.05).
Neither treatment significantly affected the number of eggs laid per female or the hatching rate, but both delayed the peak of

reproductive activity. The net reproductive rate (Ro), intrinsic growth rate (r,,), and finite rate of increase (1) of the population
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were significantly lower (P < 0.05), whereas the generation period (7) was significantly prolonged (P < 0.05). R, of the LCys

treatment group (5.41) was 82.1% less that of the control group (30.30). [Conclusion] Sublethal concentrations of pyridalyl can

significantly inhibit the development and population growth of P. xylostella. The results provide useful information for regulating

P. xylostella populations with sublethal doses of pyridalyl, and for the rational rotation of pyridalyl with other pesticides.

Key words Plutella xylostella; pyridalyl; toxicity; sublethal effect; population parameters
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EARIRES, BRI 25590 (0 U G B
FEXES . AT HURFN BT S — . RN
ZE 5/ RIS R BARE S A b, B
ARAIF 5T 1 AR T T i W BOE AN 5 . AR
P e g R, WRELBLS 72 h 51N R K
3 WA HFET N 10%H1 25% M E (LCo Fl
LCos WE R WBBLUFE , 531124 1.56 F114.37 mg/L
(£ 1),

R 1 ZHAME/NE 3 R BIE N

Table 1

Toxicity of pyridalyl to the 3rd instar larvae of Plutella xylostella

e LCy (95%

\ Wi 8
ki b

Number of

B (mgL) BRER) (mgL) FBER) (mgL)

LCys (95% LCsy (95%

AL
1 (df) Toxicity

Population L ect Slopessp  (93% fiducial (95% fiducial (95% fiducial ratio
limit) (mg/L) limit) (mg/L) limit) (mg/L)
HUEFPBE 320 1.35+0.18 1.56 4.37 13.76 1.88(5) 1.00
Susceptible (0.68-2.64) (2.57-6.35) (9.88-19.23)
Populatin
FH [B] A 280 1.38+0.21 1.78 491 15.10 1.62(4) 1.10
Field Population (0.61-3.27) (2.50-7.47) (10.46-21.20)

22 ZwPAMEBYNRENREFNEZER
SR B9 I B 58 B R

HRPEZ 2 72 h BF A SETR A, THAS
LC o Ml LCos AbFRAL AL IEAET %53 514 9.64%
F126.02%, STRHEISEREAYIE .

= FR T NLEE LCyo Al LCos AbFR/NSEME 3
S, AET R B A B ) AR e i
Mt W, BEALPERT ] A LE AT

RGBT R ]e,  Fl 2570 B A T
T HB W . BARORE, RS 48 h
LC o AbBRAFET- R 5X IRIC B & 22 591, 24,
72 196 h B} LCyo AbBRELFET- 3R I I 2 v T XF
B (P <0.001); 1fif LCys AbFRLITE 24, 48, 72,
96 h BRI S AET %, Y00 25 & X A
LCoZbBEZ] (P < 0.001) (%2 ), A, PA
e B AL PR S A MR T SR A T A W R X
W, HWRE R, SXTRMERBEE (P <
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Table 2 Effects of sublethal concentrations of pyridalyl on the survival of Plutella xylostella larvae
BET-% (% ) Mortality (%)
Ab P IS
Treatment 24 h 48 h 72 h 96 h I £t
Cumulative pre-pupa
CK 0.00+0.00 ¢ 1.3320.91 b 2.00£1.07 ¢ 4.00+1.31 ¢ 18.00+2.96 ¢
LCy 4.00+1.34 b 6.95£2.06 b 11.45£2.21b 12.45+£2.04 b 30.91+4.60 b
LCys 8.00+£0.72 a 25.00+2.66 a 27.50+£2.50 a 35.004+2.95 a 68.50+3.27 a

CK: XTI, M 2% 0.02% Triton X-100 F3E/KIRBALEE, TR, FhBdn A EprER F—38d0E 5 B A
ING PR R G R E T 24347 ) Duncan 2 E L, £ P<0.05 K FEEREE. L4,

CK: Control, leaves treated by immersion in water containing 0.02% Triton X-100, the same below. Data in the table are
presented as mean+SE. Data followed by different lowercase letters in the same column indicate significant difference at P <
0.05 level by one-way ANOVA followed by Duncan’s multiple range test. The same for Table 4.

0.001) (£ 2),

= MEEE LC o A1 LCys AL FRIAIRE ) F LK
/NN 3 A B ALY A B DT (P <0.001 ),
LR P b v S e e 0 s TRV, PSS BRI

23 ZEEAMEXNRRLE. AURRRE
3E B9 IF 3 5 380 R

3 PP LT R B AL BN S 3 k4

AbFR 2 KR (P <0.001 ), Hodb LCo 4k
PR E SRR (P < 0.001), LCysAbFH
W) =5 2 I S KR (P = 0.005 ), 2 k&
BB BAER 8 R0, PSR B A B I 3 SN
SR N 3 1% 2l AP T8y S DT (P < 0.001 ),
FLMe B, SRRV B & (£ 3),

HOJG O H A g 5 0 i i A S 0 A5
(P <0.001), H izl /EFH b 24 700 v B v i
sk [RIEE, PN SR B 1 B S R P Ak
F(P<0.001), {HFIHHRE SN FRERE,
LC 1o b BEXT P4k 5 A 30 il 46 FH B 1 R F LCos ik
H(E4),

x3 IHERE=RBMEI/NEHEL EHHRZE
Table 3 Effects of sublethal concentrations of pyridalyl on the development duration of Plutella xylostella

KB (d) Developmental duration (d)

k3t A ip : —
Treatment 3 4y s 2 AL upa 3 {84 1 2 B
3rd instar larva to pupation Q a SE-#4 Mean  from 3rd instar larva to pre-adult
CK 5.284¢0.10 ¢ 4.2440.10b  4.67+0.10b  4.48+0.07 b 9.68+0.12 ¢
LC 6.14+0.11 b 5.07+£0.12a 4.88+0.12ab  4.97+0.08 a 11.344£0.19 b
LCys 8.90+0.28 a 4.60+£0.16 b  5.05+0.09a  4.90+0.09 a 14.28+0.40 a

CK: XM, T4 L BEHBGI i 3 @4 =il (CK: 82, LCyp: 69, LCys: 52), Hifl] (CK: 929, J37,

LCio: P15, J17, LCys: 210, 319), 3 #&EURAEEILMN (CK: 66, LCo: 32, LCys: 29), R N-FI4{EH=
PR, KB DR TWOSEX-MSChart 20 (2021) #4740 4. ¥H ShaEidmat A BihAEE (Bootstrap
procedure ) £ 100 000 Y EEAMAETT A I/AT . Ab PR 8] 8 3514 25 55 >R FHBC X A B 56 ( Paired bootstrap test ) #E479FAf

ARINGFRERIRAE P <0.05 KV B2 RE, £ 5 AUTFar FIELME - it . & 6 FlF S8tk mARE .

CK: Control. The number of insects used for statistical analysis: Duration from 3rd instar larva to pupation (CK: 82, LC,y: 69,
LC,s: 52); pupal stage (CK: 929, 337; LCyy: 215, 817; LCys: 910, 319); duration from 3rd instar larva to pre-adult (CK:
66, LCyo: 32, LCys: 29). The data in the table are presented as means+SE. Developmental duration are analyzed using
TWOSEX-MSChart software (2021). Means and standard errors are calculated via the bootstrap procedure with 100 000
resamples. Significant differences among treatment groups are assessed using paired bootstrap tests, and different lowercase
letters indicate significant difference at the P < 0.05 level. The analytical methods for adult longevity and fecundity in Table
5 and population parameters in Table 6 are the same as those in this table.
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Table 4 Effects of pyridalyl on the pupation, adult emergence and pupal weight of Plutella xylostella
Ab 7 fEIEE (%) I (mg) PUERE (%)
Treatment Pupation rate (%) Pupal weight (mg) Adult emergence rate (%)

CK 82.00+£2.96 a 5.11+0.07 a 80.38+£5.20 a

LCy 69.09+4.60 b 4.64+0.08 b 46.05+0.86 ¢

LCys 31.50+3.27 ¢ 4.33+0.15 ¢ 56.24+1.80 b
IRE SR CK (123), LCyo (136), LCys (61 ),
The number of pupae used for statistical analysis of pupal weight: CK (123), LC;, (136), LCys (61).

=S L T Y BOE R AL BN Sk Al U HRAL AT 50 T 1.58 1 1.76 d),  H & 2 KM

X L A 56 25 ) 2 R T 1 5 T A AR VR R 22 5
PE: LCio ACFRNTME | Bl R 5w S P A ME A L 5]
IR EN (P>0.05), A2 FfE = g
WEA T X B, H2E R A B (P =0.269 ); 1M LCys
S PR E AR ME . HERCR A (P <0.05) (Xt

AR ] (P = 0.023 ), HOF-H Bl = g i ]
FERF XTI, (AR W3 /KF (P =0.392), B
WAL I, LCyo 1 LCys AbFHE 5 %F HEAH FLITC
WEZES (P=0.089), {H LCAbHE4 B BRIFF1L
REERET LCys AbHY] (£ 5),

x5 IHILRE=RBMBIN /R R FGREENNE N
Table 5 Effects of sublethal concentrations of pyridalyl on adult longevity and fecundity of Plutella xylostella

g PR (d) Longevity ofadult () g g (o5 ) PIIRIETIE g (%)
Treatment Q 3 SE44 Mean Female proportion (%) Number ?efnigis laid per Hatching rate (%)
CK 8.27+0.52a 7.76+0.53 a 7.9840.37 a 43.46+2.48 a 104.4549.31 a 64.07+2.15 ab
LCyo 7.54+0.69 ab 8.41+£0.70 a 8.00+0.49 a 45.77+2.14 a 90.85+8.26 a 71.08+2.65 a
LCys 6.70£0.47b 6.00+0.46 b 6.24+0.34 b 34.66+£2.01 b 89.82+14.44 a 62.67£2.16 b

R BAE N EE £ bR, CK: X, BORFAE TS CK (929, 337), LC (215, 817), LCys (210, 319),

Data are presented as mean+=SE. CK: Control The number of adults used for statistical analysis of adult longevity: CK (229,

337), LCyp (R15, 317), LCys (210, 319).

24 ARLAETPIRENFEER-MREFE

AN AL 3BT /NS0 M P R A A0S - B B A T
UL 1, L RTAEL, ZhH i R A R
LA A ISAEE S, RAMEAR R B U
FEE SR, SXTRAME, =& b
LCyo Al LCys AL ¥ W E AR T /N RS K E
B BRI AENE 2, Ho gl AU A7 2R B R B
o BEAh, =GR IR AL A ZE R T /N SER  Ak
WA PR R] . X RRAH LI T2 4 RIF AR AL,
WETHE 8 RIFMAFIML; T LCio AFRSFHIHEIR 5
555 KITHAILIR, 25 10 KITFUAPIML; LCys kbH
HIERAN 3, 5 T5 7 R RAes, 5

12 KIHR P

2.5 FAREMET/NEBHFEFEREFEE (L)
FREEREES (m,)

FIAT Ab B /NSEIR 3 3 4 U4 R 5E U 4N
HE . SRR B R, RIS —1t.
PR E AR AR 5 (L) MR AR 4% Ab B A #a 3 — 2L,
H LCos AbPRL AAFTG R T M R B i e (&
2 ). BHAFFEDT I, T Ab BRI 5 E A Y = O
Fe e, LR 0 B [ | WA B S 2k B B AT
FEZES X BRI O = 0 IR SR 10 K, BRUE
FEEN A 12.57 Ki, BEJG OB E, FI5
16 K S H B—AN 7= B /N i e e ™= B 5.77 R );
LCo RbHRZH =R s I I AEIR Z 50 12 K, IG[AF
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Fig. 2 Age-specific survival rate (/) and age-specific
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Fo TIHEILRE=\AMRB/NREMBENEGRSEZ N
Table 6 Effects of sublehtal concentrations of pyridalyl on the life table parameters of Plutella xylostella

Ab 3 B Ry MELER R ry JAI BRI R A SRR T HIXE AR RS

Treatment Net reproductive rate Intrinsic growth rate Finite rate of increase Mean generation time Relative fitness
CK 30.30+5.43 a 0.28+0.02 a 1.33+0.02 a 12.05+0.32 ¢ 1.00
LCyo 13.63£3.46 b 0.19+0.02 b 1.21+0.02 b 13.65+£0.29 b 0.45
LCys 5.41+1.85¢ 0.11+0.02 ¢ 1.11£0.03 ¢ 15.99+0.59 a 0.18
SR 3 B U R BT T2 R ), O AR IE A E=LC g (LCas ) AbTREL AU TR X BT MR

*Represents the duration from the 3rd instar larva to adult death. b Ry = Ry of LCyy (LC;s) treatment group / R, of control

group.

EE BB IR R AR R B R
REME . ABFFET 2023 4535 KA HbIX /N3 ik
P T e 0 2 0 45 2R s, IR X — 38U
M Bt AT DR R 5 B U, 105 mg adi. /L AL 3 %
i 72 h JFRIESET Ik 90%, AbFE 96 h J5 L
IEFET-HTFE 100%. 456 10.5% 5 btz
JHIEH W M 3 A & 50-70 mL/ 667 m® K
FZKE (50 L/667 m* ) Fr, H: H [l e (i i e
FEM 105-147 mg a.i. /L. FHICAT UL, 76 247 [H 6]
PO ACTBARA NGO, Fae R A7 70 2t 24 ] %
3 1 B LU I8 4 e S i s B A, AT R DX
S R e 7 s SR AR T A Y 2 7 S

AW TEBICHR B T et A8 K HE B, i
N HBILRIE T, hnl B R g Kk
B I RPN o X A T A A 2
RN AN AT B ) — 843, iR A ST ( Desneux
et al., 2007 ), ARMFFREEREN], =F T 0kEE LC)o
Fl LCos AbFR i 25 AR/ N SR Mk 2l R AT 28 Ab
REPIMER, LB B BRI 5 [F
A b FRZH SR SA AT T | P11k 32 BH K #8143
W BTE, SR EE T WY A A B R, 2R
LAY & & 106 55 T2 90 5 76 2 Fh 4% U 3503t
SN IFTE A R, A SRR kA . ROk
JE . SRORENR . B AR . ARG | SRUTERE B K 2,
FEZ TR R XI5 (IR A 2012;
R 2§, 2013 ; Tamilselvan et al., 2021 ; Gope et al.,
2022 ), MAERIBLEI 0T, Bk & S HE e
= F LR TE AL R AR B I G . X 2 T 2 A
Mt 2 P4s0 f ARG, A EA A YiE
IRTEEY), HEIE S R AN TE 4 (reactive
oxygen species, ROS ) K&, 1 pliE A i s

R 3 I A AR | B RS TE ve A
JZERTEIR (Powell et al., 2011 ), XA ALI 3
5 2R R 5 PT e s i — 20 /N SR it R AR
HAI A SOMZF B S5 A P R, e 2
T i . Pk fE S U

A& B BOAE ) 0 Uk B D R i
()5 ELAT Wy i 5 2 R0 RE S [ 2450 0 AN [
e ANTRI 2 0T [ R R PSR A A 2
5o ilan, RS LCys AbPRTT IEC R A
1% Spodoptera exigua 3 ¥4 L AR DT, i
B A, (G A A T B R (R
&, 2015 ); TRIAE LCys AIEE T, 25 Al i35
FER KU W, Athetis dissimilis %) 53 730 FTE ]
FEflum e, 20 i A o sgm (T 4R,
2017 ) AN[a) 24550005 [ e 3 LA R8N TR AE 2 57
TRFHREERE LCyo AT AT i 25 4 R0 B 40y
DG s o, %or i 1 Kl R A A o e (5
FASE, 2014); TMIZ AR ER LCy AL AT HEK 1%
WL BRG], MK 5 ( Rehan and Freed,
2015 ), X F/NEMIX —EEE M, FARMK. B
gl FURHUE  f ORI B . CHERE R
R I e S 2o A R A, 34 R S s o) L
4 kA D A O & B B B A AN TR
TR FE WP B SE K 4%, ( Mahmoudvand et al.,
2011a, 2011b; Zhang et al., 2012; Guo et al.,
2013 ; Tamilselvan et al., 2021 ; Gope et al., 2022 ),
AW FELE RS — L EE T LR 5 255 5 5
P = ILEE LCo A1 LCys b FH T 250/ 532 1 U
FIRAL, 3 B4R S e, |
LCos Ab PR 455 J5 B HL 5101 o 1245 SR 5 — 960 DL ik
FER R /INIEYE Orius laevigatus B H AT RO 25
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1&—3 ( Kordestani et al., 2022 ), {H5HXIPG4E
#ij D Frankliniella occidentalis %% 8 ¥ TG E 5
ma ) gk WA B 22 % ( Kordestani et al.,
2021 ), MBI 2 B S EERBON AL [F] A ]
M ZREE . BRYIAD S 255005 SR A, % AR
BEASN A B T AR, 22824 70 R R B vk
JE T A G i, A P T N b s PR
Agrotis ipsilon ( Xu et al., 2016 ) J FRIE T Bk
X/ (Su and Xia, 2020 ); A #2457
B ARGRI SRR . s AR SR A RE Y S A RN
T H G I X A SR R FE ORI /N ( Zhao et al.,
2018; Jia et al., 2022 ), ABFFE /NI TR bR
it = 58 Y b e o B T v A SN, A B
430 e ORI T A

S BOFE e B A% HUR) G g HLA X AR
N, BERT SRR BAEAN G, AT g PAMEE RO B
AN T 75 2 P AEROXURS: o BTAE TR 2% | na L
. W3- T kRN & B 2 8 T R SR Bk iE
A] 5 2 AR SE [ ik Hyphantria cunea . SRR
. /N SREKR B8 7 (Su and Xia, 2020;
Tamilselvan et al., 2021; FEEE, 2023; FEICHH
85, 2024); TEUSEFERXSNR . LHEZARTE
EXF B Tetranychus urticae W ZRB R 58
B3 ( Fujiwara et al., 2002; Wang et al., 2016 ),
AWFFEH, =58 Ik S S5OAE Ak B AR AR N R Ik
147 B9 e D P[] IR BRI (L (8T 2)), (B B ™
O S PSR IO S (3R 5), &R S =
. FF Pk XSRS SRS Bactrocera oleae #5H 77
MR AL ( Abbasi-Mojdehi et al., 2019 ),
B 55 X} 22 Wk H % Habrobracon hebetor N i%i#
INAESE B EFE I I 0 A TE] (Saber and Abedi,
2013; Kordestani et al., 2022 ), XiHl—EBRT
ZIRUNAEAS R b 8] 9 o S o DA 382 T 4
M, I — 5 Y e Jk T SRR B AT i 3BT AR
WP AR B, TARTBEBE 40 A sl . 52
K SOV NG 4 B S A% O 3 AR S B v, PRt
77BN S AR AR A2 B S

A RS MR RE K T-25 6 SO
FxF R AR, Stark 45 (11998, 2004 ) 2
LR LA S PPN 245 7003000 1) AR AR o AR SR 4G

FE R, =5 bk 7 SO v A 3 2 AN
SRR IE A Ry BRI py AR FRIG K
Fn, IR (T), RUIHT 52
PO/ S FR R 1 R R S IR AE A R
FBER: (Han er al, 2012), ZHZREHE

( Tamilselvan et al., 2021 ). 82k ( Taha, 2022 )
N IR ERERE ( Gope et al., 2022 ) 25 5% HUFI P 2
FEAL BN R YA G, U
SBOUR B P R AR L R A S e S R
T RAVREE S, S A TPTA — 5 L A
REFRAL T Ff AL 522 AR

2R ETIR , AHIFSEUESE = 55 H ML B X /N

I BA BB E AL, iR 227 TH A 2L
BEARIN . SR B, AT FRARA AT % | L
Ui 5 P A%, I, e K 4 HU S i
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FO e HERL R B, WFITHEKE R, WEOLIRE
WRBRSE , /NRIRAEIETE R Ry, NELEKE 1,
FIBRIG R 2 N 3 0 2K T RE SR =3 H ik
it /NS R R EAA B A RIAVE R . KT,
TEH RIS AR, B e 2 AR 2
5 T BRI 2y ), KPR ) Al Reis A 2
REHBEZ RN RN S TEEL B, 52
o T TR ZR e RS, Sy = 960 LA /)N >3 ik
B g 25 7 s 04k | it H B LIt 8 S B pEvs
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